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SUPERCHAKRGER OF A DOUBLE~ROW RADIAL ATRCRAFT ENGINE
II - EFVECT OF LESIGN VARTABLES

By Edmmd J. Baes end Peul D. Dugsn

SUMMARY

An investigation has been conducted to determine the effect of
the location of the diffuser vanes with respect to the supercherser
outlots end the effect of flow conditions at the impeller Inlet on
tiie air-flow distribution In the outlets of the engine-stage super-
cherger of an 18-cylinder double-row radial elrcraft engine. The
stendard 13-vane diffuser roteted 180° from its original position
end an NACA designed 18-vane diffuser were used to determine tue
offect of the diffuser-vane location with respect to the super-
charger outlets. Tue 18 vanes of the diffuser correspoad to the
18 outlets of the superchargor. The effect of flow conditions at
the 1mpeller inlet was investigated by distorting the flow at the
inlet and noting the effect in the supercharger outleis. An NACA
vaneless diffuser was used 1n this investigatlion to ellminate the
diffuser-vane effect.

The results of the diffuser-vane investigatlion showed & slight
change in distribution pattern when the 13-vane diffuser was rotated
180°. A merked improvement occurred in the distribution pattern
when the NACA designed 18-vane diffuser was used. The inlet inves-
tigation showed thet en appreciable change Iin the inlet-flow con-
ditions caused a marked change in the distribution pattern. The
distribution pettern of the 18 outlets of the supercharger is a
sumetion of both the asymmetry between the diffuser vane and the
supercharger outlet and the noor flow conditions at the impeller
inlet. Because the flow in each outlet pipe 1s steady rether than
intermittent as in actual engine operstion, the maldistribution
observed 1s greater than would be obteined in an englne-supercharger
combination.
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INTRODUCTION

As part of an investigation requested by the Air Materiel Commend,
Army Alr Forces, to improve the mixture dlstribution of an 18-cylinder
double-row radial aircraft engine, an extensive research program bas
been conducted at the NACA Clevelend leboratory to determine the alr-
flow characteristics or this engine.

In order to obtein uniform fuel-alr reatio distribution among the
cylinders of a radlal aircraft engine and to obtain a uniform heed-
temperature pattern, the flow distribution at the outlets of the super-
charger should be uniform. The unsatisfactory flow distr:bution in the
18 outlets of the englne-stege supercharger of this engine reported in
reference 1 wae not appreciably altered by a changs in sneed, volume
flow, carburetor-throttle angls, or outle! pressure. The anaslysis of
the causes for thls poor distribution indicated thet it was possibiy
due to: (a) the asymmetricel relat:on between the diffuser vanes and
the supercharger oulblets ceused by use of 13 diffuser vanes and 18
supercharger outlets and (b) a poor voelocity profile of the eir at the
impoeller sntrence.

The effect of an sgymmetiical relation between the diffuser vanes
and the supercharger outlets was determined in runs made at 2000 and
2400 rpm with the standard 13-vans diffuser rotated 18C°. This rota-
tion of the diffuser shifted the location of each vane with respect to
an outlet to a dlametrically opposite outlet. The runs were reveated
with en HACA deslgned 16-vans dirfuser, which eliminated the d:iffuser-
vane supercharger-outlet asymmetry. TLe 18 vanes of the diffuser
corrospond to the 18 outlets of the supercharger. The effect of the
velocity profile of the alr at the impeller entrance on the alr-flow
distribution of the supercharger outlets was investigated by creating
a large distortion of the alr at the impeller Inlet by blocking off e
portion of the area at the elbow inlet. A vaneless diffuser was used
to eliminate eny diffuser~-vene effect. Improving the flow through the
olbow was considered immracticel in the present lnvestigation because
of the small axial length available.

ATPARATUS AND TEST FROCEDURE

The completo engine-sta.e supercharger and accessory drive assem-
bly was set up with 18 uniform supercharger-outlet pives, es shown in
f:gure 1. The complete setun, the methods of investigetion, and the
caelculat.ons are descr:bed in reference 1. Unless otherwise specified
all series'of runs reported herein were mede at a reference outlet
pressure of 6 inches of mercury above atmospheric and full-open
carburetor-throttle angle of 66°.
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Two series of runs were made to determine the effect of the
relation between the diffuser vanes and the supercharger outlets.
For the first series, the. standard 13-vens diffuser -was rotated 180°
end runs were made et englne speeds of 2000 and 2400 rpm. The change
in vane location is shown in figure 2. For the second series, an
NACA designed 18-vane diffuser was installed. The method of design
is given in the appendix and a sketch of the diffuser and of the
relation of the vanes and the supercharger outlets is shown in fig-
ure 3. Runs with the 18-vane diffuser were mede at engine speeds
of 1800, 2000, 2200, 2400, and 2600 rpm over the complete flow range.
In reference 1, 1t was found that changing either the ¢arburetor-
throttle angle or the reference outlet pressure had little effect on
the air-distribution pattern. Check runs were made with the 18-vane
diffuser for these operating varlables et carubretor-throttle angles
of 40° and 50° at engine speeds of 2000 and 2400 rpm and at reference
outlet pressures of 10 and 3 inches of mwercury gage at 2400 rpm and
3 Inches of mercury gege at 2000 rpm. The pressure rise was insuf-
ficlent to obtain a reference outlet pressure of 10 inches of mercury
gage at 2000 rpm.

In order to determine the eifect of the velocity nrofile at the
impeller Inlet on the distribution at the supercharger outlets, runs
were made with a large distortion of the velocity profile. Improving
the flow by redes‘gning the inlet elbow was lmpractical because of the
small axlal length available. A splitter vane and a distortlion plante
were installed in the inmlet elbow to dlvide the elbow into two separate
passages and to block off epproximately one-fourtn the totel inlet aree
at the inside of the bend, respectively. (See fig. 4.) Runs were made
at 2000 rpm with a vaneless diffuser to eliminate the effect of the
diffuser vanses. The runs were then reneated without the splitter vano
and the dlstortion plate.

RESULTS AND DISCUSSION

The air-distribution data are presented as nondlmensionel plots
of M/M, aegainst supercharger-outlet-pipe number, whers M 1s the
measured mass flow in any one pipe and M, 18 the computed average
mass flow for one plpe. The outlet-pipe number corresponds to the
engine-cylinder number.

Diffuser Effect
Standard diffuser rotated 180°. - The air-flow distribution in

the supercharger outlets,with the stendard 13-vano diffuser in lts
original position (reference 1) and rotated 180° from this position
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is plotted in figure S. Trese results are presented at two volumwe
flows for engins speeds of 2000 end 2400 rpm. The comparative plois

are made at approximately equal values of the flow function Qp//Tay,
where Qoy 1s the fictitious total volume flow in the supercharger

outlets and Tpt 1is the total temperature at tue seme locatiun. This
flow funct_on is discussed in rsference 1.

The reletlive locati-zn of sny one vans wlth respect to the outlet
is shifted to a dlametrically oppos-té outlet (fig. 2) by e 180° rota-
tion of the diffuser. Theoretically, if the diifuser vanes have the
preodominate influence on the air-flow distribution at thu superchargoer
outlets, the d&ilstribution pattern shculd be shifted 180° with a
180° rotation of the d.ffuser. A definite shift in the dlstribution
pattern rosulted but did not torresoond to a shift of 180°. The low-
flow region remained Iin outlevs 12 to 214 Indl cating that, 1n additlon
to the diffuser effect, tho air-flow pattorn et the impeller inlet
affects the distribution.

FACA 18-vene diffuser. - The distribution mattern of the NACA
18-vane dirfuser is comnared with that of the svandard 13-vane difiuser
in figure 6 for two represcntative values of Qpy//To; 2t engine speeds
of 2000 end 2400 rovm, respectively. The 18-~vene diffusor rvducsed the
flow in the high-flow outlet plpes and increased the flow in the low-
flow outlet pines, which resulted in a marked improvement in the
distribution among the supercherger outlets. Tho a:r flow w-.th the
13-vane diffuser varied from about 30 percent above to ebout &C percent
below the average flow, whorvas the alr flow with the 18-vans diffussr
varied from about 20 percent above to 20 percent bolow the averago
flow. This reduction of ebout one-hplf tne original spreed atta.nod
with the 18-vane diffuser clearly indicates that the asymmetr.cecl rela-
tion between the 13-vane diffuser and the sunvrcherger ouilets is
regponsible for a large amount of the maldistribution. Tue remaining
smread, however, indicates that the veloclty profile at the impeller
injet also causes a slzable variation in the air-filow distridbution.

Boecause the 18-vane diffuser effected a large improvement in air-
flow distribution tho superchargor performance was checked fur verious
engine mepeeds, carburetor-throttle angles, end reference outlet pres-
sures. The alr-flow distribution, at anproximetely constant volume
flows, was shown zn Tigures 7 to 9 to be uraffected by changes in tiese
cperating variables. Figure 1C presvnts a comparisnn of the super-
charger verformence obtained with the 18-vane diffuser end with tho
13-vene diffuser. Tue values presented on the supercharger-performence
curve are wholly comparable bocauge the test rig was not legged. RNo
appreciable changus occurred in the supercharger verfQrmance eXxcept
that the operating range.of the superchargor vas shifted to higher
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flows with the 18-vane diffuser. Although the 18-vane diffuser wes
responsible for the over-all improvement in the air-flow distribution
at the supercharger outlet, the chenge in operating range of the

Tdiffuser indicetéd that this diffuser-did not quite match the' peak
operating polnt of the impeller. A lack of data prevented a correct
determination of condltions at the lmpeller outlet. If more nearly
correct condltions at the lmpeller outlet were essumed, the diffuser
‘could be vedeslgned to match the impeller as well as to obtaln the
same good distribution performance. )

Inlet Effect

The results of the inveostigation of the effect of the veloclty
profile of the air at the impeller inlet on the eir-flow distribution
at the supercharger outlet are shown in figure 11, which is a comnar-
ison of the distribution at the supuvrcherger outlet using & vaneloss
diffuser with and w:thout the gplitter vane and distortion plate.
With theae modificetions, the flow in pipes 12 to 18 was greestly
increased and the flow in plpes 2, 3, 4, and 10 was decreased. The
volocity profile at the impellor lnlet apparontly has e marked effect
on the air-flow distribution among the suzercharger outlets. At
least part of the maldistribution not corrected by the 18-vane 4if-
fuser 18 therofore due to a nonuniform velocity profile at the outlet
of the supercharger inlet elbow. A redesign of the inlet elbow for
this investigntlion was not feaslble because of the severe axilal length
limitation in tho reer section of the enginse.

GENERAL COMMENTS

The nomaniform eir-flow distribution at the outlots of tho standerd
suporcharger is melnly a combined result of a poor velocity distribut.on
at tho inlet to the imneller and an asymmotr.cal locotion of the dif-
fuser venes with respect to the supercharger outlets. In order to
obta.n a good flow distribution at tho impeller inlet, the rear super-
charger housing would have to be redesligned. The 18-vano diffuser,
however, showed that an appreciable lmprovemont could be obtained by
eliminating the asymmetry of the diffuser-vane location with respect
to the supercharger outlets. Although the 18-vane diffuser did not
match the peak operating point of the impeller, this diffuser could be
redesigned to match.the operating range of the impeller and retain the
improved diatribq$ion pattern.
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SUMMARY OF RESULTS

The followlng resulte were obtalned from the investligation of the
offect of the location of the diffuser vanes with respect to the super-
charger outlets and the elfect of the flow conditions at the imneller
inlet on the air-flow dlstribution in the outlets of the engino-stage
suporcharger of the l18-cylinder double-~row radial alrcraft engineo.

l. The asymmetricel location of the supoercharger diffuser vanes
with respect to the supercharger outlots hed a definiteo effect on the -
flow distributlion 1in the ocutlets. A slizht change in the distribution
pattorn wes shown wnon the stenderd 13-vane diffusor was rotatud 1800,
The NACA 18-vane diffuscr showed thet oclimination of the diffuser-vene
superchargoel--outlot asymmetry would result in a definite improvemont
" of the outlet flow distribution.

2. A large distortion of the flox at the lmpellesr inlet caused a
decided change in the distriputlion pattern in the outlets of tho
supercharger.

3. The poor distribution obteined with the standerd suporcharger
" instellation appearvd to be a summation of asymmctricel diffuser-vens
location wlth respect to supercharger outlets and distorted flow at
the impoller inlet.

Aircraft Englne Research Laboratory,
National Advisory Committces for Aeronautics,
Clovuland, Ohio.
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APEENDIX DESIGN THEORY OF NACA 18-VANE DTEFUSER

.hssumptions - The following essumptions of the design conditions
of the NACA 1B-vane diffuser were made: .

Imeller adiebatlc efficlency, Nad 0.85
8lip factor 0.9
Woight flow of &ir, 1b/hr : - 14,150
Engine speed, rpm 2400
Impeller tip speed, ft/sec 828
Carburetor upper-deck statlc pressure, 30
Pygs in. Hg .
Carburetor wppor-deck static 100

temporuture, Tog, OF
Carburetor prersure drop, AP,, 1in. Hg 4.2

Method of dosign. - The vano prefile was dotermined by using the
:infinlto-~vano thuory Aand comnuting the flow path of the eir when
5J purcont of the rotevion was reomoved eccording to the follow.ng
dlggrcm. The amount of rotation is definod as Agr whero Vg -is
the tengontial veloclity and r, tho radius of the éiffiger.

™.
N
1 '\

d(ver) 1/3 rotation , A

Tar rerovud ' N

' 1/6 ro-
. “ation N
| _vemovod N

rl — Ih —. rs‘_ r4__3 rs

The various radi: are defined by the [ollowing subscripts affixed
to r:

1 diffuser inlet

2 any station between 1 and 3
3 station helf way betwoen 1 end 5
4 any scation between 3 ani 5

5 diffuscr cutlet




8 NACA MR No. EBG25

The tangentlal velocity Vp,, the radial velocity V,, and the,
rosultent voloclty V. were found at the inlet to tho dilffuser from
the inlet condltions, the supercharger performence, and the carubretor
pressure drop.

The tangontlal component of velocity Vg for redii from ry
to rz wes found by determining the linesar relation of Vg and r.
For any redilus To

ry 1 /T2 =1
Voo = — Vg l-F|o/——
2 r, 91 3 \rs - T
Vo was detorminod for redii from rz to r5 by the following method:
I_d.(V' r)
| (rs -1 =1,
T, rs - Ty = 3 Ye1Tl

Writo tho oquation for the lincer variatlon in
r; as

ir from rz to

Y=mr+Dd

end solvo for m end b. Then, for eny redius r,,

| /.2 2\ |
v _?_Velrl_ Vo1T1 re (r _r)_n'r_‘-"__fs_:
%4 =3 T, 3ry (rz - ) (r5-r37l S ‘74 3 \ 2 2

]

- d
Tho oquation for V was found at various radll through the diffuser
by the following mothod:

y _Ps M2 _ _y P W
whero

P, static prossure, 1b/sq ft

” ratlio of speciflic hoats

o density, slugs/cu ft

Assuming no loss through the diffuser,
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_, P1aPa?
pl 57

- - EEEE SN e P - e o

for a diffuser with parallel wallg,

Pg

PreV1rTL

Vpr

Then

This equation was solved by triai and errcr for verlous 1adlf. The
value of 7V, at verious radil was found irom

o e & g s s

Vr =:\/V2 - Vez

The equation of V, was determined by plotting V,. egeinst r on
logarithmlic paper end measuring the slops of the curvs. The geasrel
equation is

V.. = L.
r
X
This procedure was followed for radil frcm 1y to rz ani from 1x
to rg.

The warietion cf displacement angle ¢ with radius war found
from radil from 1 to ry and rz to rg

af

Vo = r
e at

Then

This equation was solved for ¢ by substituting tle equations of TV,
end Vy and integrating. The angle ¢ was then found focr various
radii and the results were plotted to obtain toe shape of tlie vane,
wvhich was aporoximated by arcs of e c¢ircle.
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Figure |. - Setup for supercharger air-distribution
investigation.
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Original position
9 — ——Rotated 180°

Figure 2. - Sketch of standard I|3-vane diffuser in original
position and rotated i80° showing relation of diffuser
vanes and supercharger outlets.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 3. — Sketch of NACA I8~vane diffuser showing relation
of diffuser vanes and supercharger outlets.
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Distortion /

Splitter vane

impelier
NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUTICS
Figure 4. — Sketch of supercharger inlet elbow showing split-

ter vane and distortion plate.
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Figure 10. - Comparative performance of engine-stage supercharger with standard |3-vane di ffuser ang with NACA

i8-vane di ffuser.

Reference outlet pressure, 6 inches mercury gage; carburetor-throttie angle,

ON YN VIVUN

62993



.60

CP\O\GQ

N

~0
ST

S G

ool

N

.40 \;o S
. 1800 rpm 2000 rpm 2200 rpm
s
E '2q.0 .2 L4 1.6 1.8 2.0 2.2 2.4 1.0 1.2 1.4 1.6 i.8 2.0 2.2 2.4 2.6 1.2 1.4 1.6 1.8 2.Q 2.2 2.4 2.6 2.8 3.0
E NAT 1ONAL ADVISORY
o COMMITTEE FOR AERONAUTICS
° 80
5
g
" MR Y oo
.60 ‘11:1\‘\\\ ~ql Diffuser
Q. [~ O Standard 13-vane
~ ‘\\\1 ‘O NACA 18-vane
N \o NG :
.40 -
2400 rpm \:1 2600 rpm »
o
20 .
1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4

Figure 10. - Concluded.
with NACA iB8-vane diffuser.

(b)

Pressure coefficient.

Fiow function, Qz¢/VTp

Comparative performance of engine-stage supercharger with standard !3-vane diffyser and
Reterence outlet pressure, 6 inches mercury gage; carburetor-throttie angle, 66°.
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o 1.435 Without splitter vane and
distortion plate
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/}(> distortion plate
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Supercharger outlet pipe

(a) QZt/JTZt , approximately 1.67.

Figure 11, ~ Effect of distorting velocity profile at impelfer inlet on air-flow distribution in supercharger
outlets with vaneless diffuser.

66%; engine speed, 2000 rpm.

Reference outlet pressure, 6 inches mercury gage; carburetor-throttle angle,
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(b} °2t"/T2t , approximately {.4.

Supercharger outlet pipe

.

Figure ll. - Concluded. Effect of distorting velocity profile at impeller inlet on air—floﬁ distribution in

supercharger outlets with vaneless diffuser.

throttle angle, 66% engine speed, 2000 rpm,

Reference outlet pressure, 6 inches mercury gage; carburetor-
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